Abstract Purpose: During the 2009 H1N1 influenza A virus pandemic, a minority of patients developed rapidly progressive pneumonia leading to acute lung injury (ALI)-acute respiratory distress syndrome (ARDS). A recent metaanalysis provides support for prolonged corticosteroid treatment in ALI-ARDS. We prospectively evaluated the response to oseltamivir and prolonged corticosteroid treatment in patients with ALI-ARDS and suspected H1N1 influenza. Methods: From June 24 through 12 July 2009, 13 patients with suspected H1N1 pneumonia and ALI-ARDS were admitted to the intensive care unit (ICU) of a tertiary care hospital. H1N1 influenza was confirmed with real-time reverse transcriptase-polymerase chain reaction assay in eight patients. Oseltamivir and corticosteroid treatment were initiated concomitantly at ICU admission; those with severe ARDS received methylprednisolone (1 mg/kg/day), and others received hydrocortisone (300 mg/day) for a duration of 21 ± 6 days. Results: Patients with and without confirmed H1N1 influenza had similar disease severity at presentation and a comparable response to treatment. By day 7 of treatment, patients experienced a significant improvement in lung injury and multiple organ dysfunction scores (P \ 0.001). Twelve patients (92%) improved lung function, were extubated, and discharged alive from the ICU. Hospital length of stay and mortality were 18.7 ± 9.6 days and 15%, respectively. Survivors were discharged home without oxygen supplementation. Conclusions: In ARDS patients, with and without confirmed H1N1 influenza, prolonged low-to-moderate dose corticosteroid treatment was well tolerated and associated with significant improvement in lung injury and multiple organ dysfunction scores and a low hospital mortality. These findings
Introduction
During the 2009 H1N1 influenza A virus pandemic, a minority of patients have developed severe pneumonia leading to acute respiratory distress syndrome (ARDS) and multiple organ dysfunction (MODS), associated with prolonged intensive care unit (ICU) stay and high (17-54%) mortality [1] [2] [3] [4] [5] [6] [7] . In influenza, including H1N1, experimental and clinical studies have identified dysregulated systemic inflammation as an important pathogenetic mechanism correlating with disease severity and progression [1, [8] [9] [10] [11] . There has been significant advancement in our understanding of the cellular mechanisms of corticosteroid action [12] and the interaction between corticosteroids and transcription factors for inflammatory cytokines in critical illness and ARDS [13, 14] . Within this new pathogenetic construct [15] , an extensive rationale was recently provided for low-tomoderate dose prolonged corticosteroid treatment as an adjunct to antiviral therapy in severe cases of H5N1 influenza [8] .
In the event of a growing pandemic, even a small fraction of patients developing severe pneumonia with respiratory failure can overwhelm any country's critical care and hospital infrastructure. A recent report by the US President's Council of Advisors on Science and Technology presented as a ''plausible scenario'' 300,000 patients requiring ICU admission in the United States alone [16] . Following the reports that most patients initially died despite the best supportive treatment (including antiviral) alone, corticosteroids were widely used during the 2002-2003 severe acute respiratory syndrome (SARS) epidemic [17] . While some studies indicated a possible reduction in hospital mortality and length of stay [17] [18] [19] , the implementation of extremely heterogeneous treatment regimens that varied widely for timing of initiation (early vs. late), dosage (hydrocortisone equivalent 300-6,000 mg/day), and duration (2-36 days) of treatment made any assessment of efficacy unfeasible [20] . Since then, however, three randomized trials [21] [22] [23] investigating prolonged lowto-moderate dose corticosteroid treatment in early acute lung injury (ALI) and ARDS and the finding of recent meta-analyses [24, 25] have provided a stronger foundation to guide anti-inflammatory treatment in ALI-ARDS. Not surprisingly, the two largest studies of severe H1N1 influenza A-associated respiratory failure report the use of corticosteroids in 51-69% of patients [6, 7] .
In the southern hemisphere, May through September is the peak season for influenza. As of 6 July 2009, 2,485 cases of H1N1 influenza A virus were confirmed in Argentina with 60 (2.5%) deaths [26] . In response to the influenza outbreak, and taking into account recent randomized trials [21, 23] , we developed and prospectively evaluated a comprehensive protocol to manage patients with suspected H1N1 influenza A virus pneumonia and acute hypoxemic respiratory failure admitted to the medical ICU. This case series describes the clinical presentation of 13 consecutive patients and their response to combination high-dose oseltamivir and prolonged low-tomoderate dose corticosteroid treatment. Patients with and without confirmed H1N1 influenza had similar disease severity at presentation and similar response to treatment. Twelve patients (92%) improved lung function, were extubated, and discharged alive from the ICU. Hospital and 60-day mortality was 15%.
Methods
Hospital Municipal de Agudos Dr. Leónidas Lucero is a tertiary acute care hospital in Bahía Blanca, Buenos Aires, Argentina. All 13 patients admitted to the medical ICU with influenza-like illness, abnormal chest radiograph, and severe hypoxemia requiring invasive mechanical ventilation were managed in accordance with a preestablished protocol (see below). This case series was determined to be exempt from institutional review board approval. H1N1 influenza A virus infection was diagnosed by testing nasopharyngeal swab specimens with real-time reverse transcription-polymerase chain reaction (rRT-PCR) in accordance with published guidelines from the US Centers for Disease Control and Prevention (CDC) [27] .
The severity of illness and severity of MODS were quantified with measurements (day 1 and 7) of the Acute Physiology and Chronic Health Evaluation II [28] and Sequential Organ Failure Assessment (SOFA) scores [29] . With the latter, acute organ dysfunction was defined as an acute deterioration in a previously normal organ with a SOFA score greater than 2 [29] . C-reactive protein levels were used as a marker of systemic inflammation [21, 23] . All but one patient met diagnostic criteria for ARDS according to the American-European Consensus definition [30] . The lung injury score (LIS) quantifies the physiologic respiratory impairment in ARDS through the use of a 4-point score based on the levels of positive endexpiratory pressure (PEEP), ratios of PaO 2 to fraction of inspired oxygen (FiO 2 ) (PaO 2 :FiO 2 ), the static lung compliance (C ST ), and the degree of infiltration present on chest radiograph [31] . ARDS was defined as severe if the PaO 2 :FiO 2 was B120 on PEEP C 12 cmH 2 O. Patients were defined as improvers if, by day 7 of ARDS, they achieved a lung injury score equal to or lower than 2 or a reduction from day 1 equal to or greater than 1 point.
At ICU admission, before results of microbiological analysis (nasopharyngeal swab, respiratory secretions, and blood) were available, patients were started on intravenous empiric antimicrobial therapy in agreement with recent guidelines [32] and antiviral treatment via nasogastric tube with high-dose oseltamivir (rationale provided in [2] ), 150 mg twice/day for 5 days followed by 75 mg twice/day for 3-5 days (dictated by clinical evolution). Corticosteroid treatment was initiated at ICU entry concomitantly with antiviral treatment. Similar to the methodology of recent randomized trials [21, 33] , all patients were initially started on hydrocortisone, 100 mg intravenously every 8 h. This dosage was continued until ICU discharge, followed by a lower dose until hospital discharge (100 mg every 12 h for 7 days and 100 mg per day for 7 days). The longer duration of hydrocortisone treatment, in comparison to the prior trials [21, 33, 34] , was dictated by recent reports indicating that shorter duration [35] or rapid tapering [24] of treatment is associated with rebound systemic inflammation and clinical deterioration. Similar to the methodology of another recent randomized trial [23] , if the patient deteriorated and developed severe ARDS (PaO 2 :FiO 2 B 120 on PEEP C 12 cmH 2 O), hydrocortisone was changed to methylprednisolone infusion at an initial dose of 1 mg/kg/day for 14 days followed by 0.5 mg/kg/day for 7 days and then tapered over 6 days [23] . Corticosteroid treatment administration was changed from intravenous to enteral once oral intake was restored following extubation. The anti-inflammatory potency of hydrocortisone 300 mg is equivalent to methylprednisolone 60 mg. In the six patients with severe ARDS, the body weight (kg) and initial daily methylprednisolone dosage (mg/day) patients ranged from 76 to 100.
Most aspects of care were managed following a preestablished protocol that, in addition to antimicrobial, antiviral, and corticosteroid treatment, followed recent guidelines for fluid resuscitation, sedation and analgesia, gastrointestinal and thromboembolic prophylaxis, and enteral nutrition [36] . Ventilator management incorporated tidal volume and PEEP conforming with the ARDSnet recommendations [37] , and standardized procedures for recruitment maneuvers, prone position ventilation for refractory hypoxemia, and weaning from mechanical ventilation. Prone position ventilation was instituted when PaO 2 :FiO 2 was 150 or less on a PEEP equal or greater than 10 cmH 2 O and the patient failed to improve to at least four recruitment maneuvers over 12 h. Patients were continuously kept in prone position for at least 6 h per day. During mechanical ventilation, intubated patients had weekly nonbronchoscopic bronchoalveolar lavage; the diagnostic threshold for bacterial pneumonia was C10
4 CFU/ml [23] .
Statistical analysis
All statistical calculations were preformed using the SAS System for Windows (Version 9.2, SAS Institute, Cary, NC 
Results
From June 24 through 12 July 2009, 13 patients with severe hypoxemia and suspected H1N1 influenza A virus pneumonia were admitted to the medical ICU of Hospital Municipal de Agudos Dr. Leónidas Lucero. Except for one patient transferred from another medical center, the reported hospitalization was the first hospitalization related to the disease. All patients presented with fever, myalgia, cough, progressive dyspnea, and clinical criteria of severe sepsis. Eight patients had laboratory-confirmed H1N1 infection, one patient had positive rRT-PCR for influenza A but negative H1N1, and four patients were negative for influenza A. We cannot exclude false-negative rRT-PCR results, recently reported in ten percent of ICU patients with H1N1 pneumonia [5] . Chest radiographs in all but one patient (who had one quadrant involvement) showed bilateral infiltrates consistent with severe multilobar pneumonia or ARDS. Eight (62%) patients had vasopressordependent shock. Table 1 provides baseline characteristics for the entire group (n = 13), for patients with positive (H1N1?; n = 8) and negative H1N1 (H1N1-; n = 5) influenza A virus rRT-PCR, and for patients with (n = 6) and without severe ARDS (n = 7). Patients with positive and negative RT-PCR had similar disease severity at presentation. Among H1N1? patients, two had chronic obstructive pulmonary disease (COPD), one (15 years old) had Prader Willi syndrome and diabetes, and two additional patients were moderately obese (BMI [35) . Among H1N1-patients, one had asthma and one had epilepsy. Five patients were cigarette smokers (three severe ARDS, three H1N1?), and two had a history of alcohol abuse (two severe ARDS, two H1N1-).
At ICU admission, five patients had more than 10,000 leukocytes per cubic millimeter (4 H1N1?), six other patients (3 H1N1?) had lymphopenia (all less than 600 leukocytes per cubic millimeter), seven (3 H1N1?) had increased creatine kinase levels (one above 1,000 IU per liter), and six (3 H1N1?) had elevated lactate dehydrogenase levels (all below 1,000 IU per liter). Blood cultures obtained in eight patients were without growth. All patients had PaO 2 :FiO 2 \ 200 while receiving PEEP C 8 cmH 2 O 2 ; all but one patient (one quadrant involvement on chest radiograph) had a lung injury score C2. As shown in Table 1 , patients with severe ARDS (n = 6; 3 H1N1 positive) had more septic shock, higher SOFA score, worse gas exchange, and higher PEEP requirements; all but one required prone ventilation. Four patients were switched to methylprednisolone within 24 h of ICU admission, two (one nonsurvivor) on day 4 of hydrocortisone treatment. Seven patients with either severe pneumonia (n = 1) or less severe ARDS (n = 6) received prolonged hydrocortisone treatment, and none required prone ventilation; all ARDS patients had an improved lung injury score by day 7. Table 2 shows the findings by day 7 of treatment based on H1N1 status and severity of lung injury at ICU entry. By day 7, treatment was associated with a significant reduction in C-reactive protein levels (P = 0.04), APACHE II (P = 0.002), lung injury (P \ 0.001), and SOFA (P \ 0.001) scores. By day 7, C50% reduction in the SOFA score was observed in 8 of 11 survivors and none of hospital nonsurvivors, while the lung injury score improved in all but two patients (one nonsurvivor). Figure 1 shows changes in PaO 2 :FiO 2 , lung injury, and SOFA scores. Importantly, the response in patients with positive and negative H1N1 influenza was comparable, and the degree of improvement with methylprednisolone (severe ARDS) and hydrocortisone treatment was similar. Patients with severe ARDS had a higher rate of tracheotomy (4 vs. 0; P = 0.02) and ventilator-associated pneumonia (4 vs. 0; P = 0.02) and a trend toward higher lung injury score and longer duration of mechanical ventilation (Table 2) . Five patients were extubated by day 7 and an additional six by day 14. Four patients (all survivors, three H1N1?) developed ventilator-associated pneumonia caused by Klebsiella pneumoniae (2), Acinetobacter baumani (1), and Proteus mirabilis (1). Five nondiabetic patients required low doses of insulin for glycemic control. Gastrointestinal bleeding requiring transfusion and neuromuscular weakness were not observed.
Duration of corticosteroid treatment was 21.2 ± 6.1 days (range 11-28). All but one patient improved lung function, were extubated, and discharged alive from the ICU. The ICU nonsurvivor was a 46-year-old male smoker with a history of alcohol abuse, admitted with septic shock and severe ARDS, negative H1N1 RT-PCR, dysfunction of five vital organs (APACHE II and SOFA scores 20 and 16, respectively), failed to improve lung injury score by day 7 of ARDS, and died on ICU day 15 with progression of MODS. One hospital nonsurvivor, a 60-year-old moderately obese (BMI [35) female with COPD, positive H1N1 RT-PCR, without shock at study entry, was extubated after 7 days of mechanical ventilation and died after ICU discharge as a result of cardiac arrest (electromechanical dissociation) preceded by sudden onset of severe dyspnea. Pulmonary embolism was suspected, but autopsy was not obtained. Hospital mortality in patients with and without shock was similar (12.5 vs. 20%). All hospital survivors were discharged home without oxygen supplementation and were alive at day 60. At the physician discretion, outpatient tapering was continued in all those with severe ARDS (5.3 ± 2.8 days) and in four without severe ARDS (3.4 ± 3.2 days).
Discussion
This is the first case series of patients with suspected H1N1 influenza A virus pneumonia and ALI-ARDS prospectively evaluating the response to combination oseltamivir and prolonged low-to-moderate dose corticosteroid treatment. Similar to prior reports [1] [2] [3] [4] [5] [6] [7] , our patients were young (39 ± 11 years old) and otherwise healthy, with the most common comorbidity being chronic lung disease. Common laboratory findings included a total leukocyte count within normal limits, lymphopenia, and increased lactate dehydrogenase and creatine kinase levels. Eight patients tested positive for H1N1 influenza A virus, and their clinical presentation was similar to those with a negative test. Acute hypoxemic respiratory failure developed rapidly (median 3 days) and was frequently associated with vasopressordependent shock (62%). All but one patient met criteria for ARDS (single lung involvement on chest radiograph) [30] , and six patients had severe ARDS, a condition associated with ICU mortality in excess of 50% [38] . By day 7 of treatment, patients experienced a significant reduction in C-reactive protein levels, PaO 2 :FiO 2 , lung injury, and multiple organ dysfunction scores (Fig. 1) . The response in patients with positive and negative H1N1 influenza was similar and comparable to the findings of recent early ALI-ARDS randomized trials [21, 23] . Treatment was well tolerated. Twelve patients (92%) had improved lung function, were extubated, and discharged alive from the ICU. Our 60-day mortality (15%) is similar to the one recently reported by the Canadian Critical Care Trials Group H1N1 Collaborative (17.3%) [7] and lower than the 30-58% reported by others [1-3, 5, 6] . Our patient population differed for the lack of pregnant [3, 5] or morbidly obese patients [2, 5] , the inclusion of only one pediatric patient [1, 3, 7] , and a shorter duration of symptoms at presentation [1, 2, 5] . While two of the largest studies report corticosteroid use in 51 [7] and 69% [6] of patients, subgroup analyses on response to corticosteroid treatment were not provided.
Severe influenza [8, 9] shares a common pathogenetic mechanism-dysregulated systemic inflammation-with other life-threatening diseases leading to ALI-ARDS and MODS [14] . In ARDS patients, deficient corticosteroidmediated downregulation of inflammatory cytokines transcription is associated with disease progression and mortality [15, 39] . In a randomized trial, prolonged lowto-moderate dose corticosteroid treatment (in comparison to placebo) was associated with a significant downregulation of inflammatory cytokine transcription, reduction in pulmonary and systemic inflammation, and improvement in pulmonary and multiple organ dysfunction [14, 15] .
Although neuraminidase inhibitors are effective in treating H1N1 influenza A virus when given within 48 h of infection, all of our patients presented 2 days after onset of symptoms, and timing to presentation did not affect disease severity. These antiviral agents do not, however, directly reduce the inflammatory response. While lacking a randomized trial in patients with severe influenza, valuable data are available from recent meta-analyses of randomized trials in patients with severe sepsis (n = 1,228) [34] and ALI-ARDS (n = 648) [25] . All ALI-ARDS [40] and many severe sepsis studies [34] reported that prolonged corticosteroid treatment was associated with a significant reduction in markers of systemic inflammation. Consistently, both meta-analyses found that prolonged low-tomoderate dose corticosteroid treatment was associated with a significant physiological improvement (accelerated resolution of shock [34] and respiratory failure [25] ), a reduction in duration of ICU stay (4.5 days) [25, 34] , and no increased risk for nosocomial infections, neuromuscular weakness, or gastrointestinal bleeding [25, 34] . Importantly, in the SARS experience, most serious side In patients with ARDS (n = 12) improvement in LIS by day 7 was defined as a lung injury score B2 or a reduction from day 1 C1 point effects-psychosis, fatal aspergillosis, and avascular necrosis-were reported in those receiving high-dose methylprednisolone (3-10 mg/kg/day) [20] . For ALI-ARDS, all controlled studies (n = 334) investigating treatment initiated within 3 days of disease onset (similar to our protocol) showed a significant improvement in survival, with an overall 24% absolute reduction in mortality (risk ratio 0.69; 95% confidence interval 0.56-0.84) [25, 40] . The meta-analysis of randomized trials in severe sepsis reported that the risk of death was decreased with low-to-moderate doses (less than 1,000 mg hydrocortisone equivalent) and with longer duration of treatment [34] . While both meta-analyses [34] [40] found a survival advantage, the lack of a large confirmatory trial and the moderate degree of heterogeneity across the studies led a recent consensus statement to grade the evidence for a survival benefit in severe sepsis and ALI-ARDS as weak (grade 2b) [13] . The size of this small case controlled series is the major limitation of this study. While a randomized trial in H1N1 influenza A virus-associated ARDS is needed to evaluate the effect of this treatment on mortality, it is unlikely to be realized in the foreseeable future. Importantly, ARDS patients with and without documented H1N1 influenza had a similar response to treatment, comparable to that of recent ALI-ARDS trials in patients without influenza [25, 40] . Also, the degree of improvement with methylprednisolone (more severe disease and higher dose) and hydrocortisone (less severe disease and lower dose) treatment was similar. At present, information on the natural course of severe H1N1 infection is still limited [1] [2] [3] [4] [5] [6] [7] , but it is likely that this single ICU experience will be replicated worldwide.
Based on our observations, we conclude that prolonged low-to-moderate dose corticosteroid treatment is safe and associated with significant improvement in lung injury and multiple organ dysfunction scores [40] . This report is too small to reach conclusions on mortality, but it provides the rationale and preliminary data for the design of randomized trial. Because ARDS is the leading cause of death for patients admitted to the hospital with H1N1 influenza A virus pneumonia [1] [2] [3] [4] [5] , it is probable that physicianssimilar to the SARS [17] [18] [19] and the recent international H1N1 response [1] [2] [3] [4] [5] [6] [7] -will consider adjunctive corticosteroid therapy. To simplify management and taking into consideration the methodology of the early ARDS trial [23] , we recommend using methylprednisolone. Following an initial 60 mg intravenous bolus, methylprednisolone is administered as continuous infusion at (1) 60 mg/day (day 1-14), (2) 30 mg/day (day 15-21), (3) 15 mg/day (day [22] [23] [24] [25] , and (4) 10 mg/day (day [26] [27] [28] . If the patient has, or later develops, severe ARDS, the methylprednisolone dosage is increased to 1 mg/kg/day [23] . If between days 1-14 the patient is extubated, the patient is advanced to day 15 of drug therapy and tapered according to schedule. Following extubation, the infusion is changed to intravenous boluses given every 12 h until the patient tolerates enteral intake. Treatment response should be monitored with daily measurement of lung injury and SOFA scores [21, 23] . Finally, secondary prevention (including infection surveillance and avoidance of paralysis) is important to minimize complications associated with, or masked by, prolonged glucocorticoid treatment [15, 23] .
